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Unambiguous quantum state discrimination (UQSD), assisted by an auxiliary system, generally requires
quantum correlations as a resource. We find that quantum coherence can be utilized as a resource in an allied
UQSD protocol that is devoid of quantum correlations. We propose a mechanism for quantum state discrimi-
nation where the non-orthogonality of the input states can be converted to quantum coherence of the auxiliary
system. We quantify the required coherence generated during this and the optimal unambiguous quantum state
discrimination strategy in some specific cases. In particular, our result introduces how to find the optimal strat-
egy by measuring quantum coherence in protocols that discriminates between two non-orthogonal quantum
states.
Introduction.– A quantum system may exist in many dif-
ferent quantum states, and these states, in general, can be
nonorthogonal, thereby meaning that two different quantum
states, even if pure, can have a nonzero overlap. A funda-
mental result in quantum mechanics is the impossibility to
perfectly distinguish two or more nonorthogonal states. De-
termining the state of a quantum system, even if not with
certainty, is then a key task in quantum physics, particu-
lary in quantum information. Quantum state discrimination
(QSD) consists in devising strategies to discriminate between
nonorthogonal quantum states as accurately as possible. Dis-
crimination of states facilitates extracting classical informa-
tion from quantum systems. QSD has various useful ap-
plications in quantum information processing [1–3], and it
branches out into two important streams: ambiguous quantum
state discrimination (AQSD) [1] and unambiguous quantum
state discrimination (UQSD) [4]. Though several strategies
to discriminate between quantum states exist in the literature,
optimal strategies of QSD are yet to be figured out in all the
cases [5]. The study of minimization of error in state discrim-
ination was pioneered by Helstrom [1] who provided a lower
bound on the error probability for distinguishing between two
quantum states. It has been enriched further by presenting an
upper bound of success probability for distinguishing between
an arbitrary number of quantum states [6], and many studies
have focused on achieving that bound [7–12]. In addition,
the protocol for unambiguous discrimination of linearly inde-
pendent pure quantum states, assisted by an auxiliary system,
is of fundamental interest [13]. While quantum entanglement
[14] is regarded as a key resource in quantum information pro-
cessing [15], the assisted unambiguous discrimination for two
nonorthogonal states that requires only quantum dissonance
was introduced by Roa et al. [16], and its generalization and
various applications have been studied thereafter [17, 18]. In
this Letter, we move a step further and propose a QSD proto-
col that requires only quantum coherence as a resource.
Quantum superposition plays a fundamental role in quan-
tum physics as it is held responsible for the manifestation of
interference and diffraction phenomena in nature. It plays a
crucial role in various aspects of quantum theory ranging from
the quantum coherence, quantum entanglement to quantum
correlations. Quantum superposition is widely believed to be
a signature of the wave nature of a quantum particle. Because
both quantum coherence and quantum correlations, intrinsi-
cally, have the same origin from the superposition, it is impor-
tant to explore where does coherence play a role? The fact that
quantum correlations such as entanglement and dissonance
are required to discriminate between quantum states, this nat-
urally raises the question whether coherence is required for
the UQSD? And if so, whether there is a relationship between
the degree of coherence and the efficiency of discrimination?
We present answers to both the questions in affirmative. In
particular, we design a method to find the optimal UQSD by
controlling the coherence in a protocol that discriminates be-
tween two non-orthogonal quantum states. We also find the
amount of coherence in the optimal case to determine whether
UQSD is optimal by the coherence measured in some special
circumstances. At the outset, we recapitulate coherence and
UQSD.
Coherence.– Even though substantial progress have been
made since the development of quantum mechanics, however,
until recently, there was no systematic established framework
for the characterisation of quantum coherence. After first few
major results in Refs. [19, 20] fermented the task of charac-
terising and quantifying coherence, Baumgratz et al. [21] put
forward the resource-theoretic framework of coherence and
formulated a set of axioms or preconditions for a measure of
coherence. Similar to any generic resource theory, like that
of entanglement, the rigorous characterization and quantifica-
tion of quantum coherence begins with the identification of
“free states” (states that do not possess resource) and “free
operations” (operations which cannot generate resource). For
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2a fixed orthonormal basis {|i〉} (alternatively, a von Neumann
measurement Π = {Πi = |i〉〈i|}) of a system represented by
a Hilbert spaceH, we recall the axiomatic notion of coherence
of Baumgratz et al. [21].
(i) The set of “incoherent” or free states is defined by
I = {σ = ∑i pi|i〉〈i| : pi ≥ 0,∑i pi = 1}, for the fixed
orthonormal basis {|i〉}.
(ii) A completely positive and trace preserving (CPTP) map
Φ is said to be an “incoherent” or free operation if it can be
written as Φ(σ) =
∑
k EkσE
†
k, where Ek are the incoherent
Kraus operators, i.e., EkIE†k ⊆ I, for all k.
(iii) A functional C(ρ|Π) on the space of quantum states
on H is regarded as a measure of coherence (with respect to
the von Neumann measurement Π) if it satisfies (C1) nonneg-
ativity [C(ρ|Π) ≥ 0 with equality if and only if ρ ∈ I], (C2)
monotonicity [C(ρ|Π) is nonincreasing under incoherent op-
erations, i.e., C(ρ|Π) ≥ C(Φ(ρ)|Π) with Φ(I) ⊆ I], and
(C3) convexity [C(ρ|Π) is convex in ρ].
Many important quantifiers of coherence have been intro-
duced in Ref. [21] such as the l1-norm of coherence and
the relative entropy of coherence which satisfy these proper-
ties, including the recent ones such as the K coherence, ro-
bustness of coherence, distance-based coherence, partial co-
herence, etc. [22–37]. In particular, Girolami considered an
information-theoretic approach to coherence and proposed a
measure called K coherence [22] using the Wigner-Yanase
skew information, I(σ,K) = − 12 tr([
√
σ,K]2). Here, we
will use an improved version of K coherence, proposed by
Luo et al. [34], and defined as
CI(ρ|Π) =
∑
i
I(ρ,Πi). (1)
Once we have coherence as a resource, one can ask what
can we do with this. It is known that coherence plays a ma-
jor role in quantum algorithms [38–40]. Other interesting de-
velopments in quantum coherence theory can be explored in
Refs. [36, 37, 41–54].
UQSD.– Consider the ensemble {pi, |φi〉}di=1 with the
states |φi〉 ∈ H are set of non-orthogonal states. In UQSD, It
is important to seek for the best quantum measurement to dis-
criminate the nonorthogonal states with the smallest possible
“error”. The usual strategies to discriminate nonorthogonal
quantum states are typically divided into two classes, namely
AQSD and UQSD. In AQSD, one always has an answer but
with a probability of being wrong. On the other hand, in
UQSD, one is guaranteed to never be wrong, but there are
occasions when one does not have an answer. In UQSD, the
task is to minimize the probability of no answer.
Let us first consider the UQSD for two nonorthogonal quan-
tum states |φ1〉 and |φ2〉 with respective a priori probabilities
p1 and p2, assisted by an auxiliary system. In this strategy, the
system is coupled to an auxiliary qubit, A, by a joint unitary
transformation, U , such that [16]
U |φ1〉 |k〉A =
√
1− |α1|2 |+〉 |0〉A + α1 |0〉 |1〉A ,
U |φ2〉 |k〉A =
√
1− |α2|2 |−〉 |0〉A + α2 |0〉 |1〉A ,
where |k〉A is a known initial state and {|0〉A , |1〉A} is an
orthonormal basis of the auxiliary system A, |±〉 = (|0〉 ±
|1〉)/√2, and 〈φ1|φ2〉 = α∗1α2. It was shown in [16] that the
average output state in UQSD may contain zero entanglement
but nonzero quantum discord. UQSD has also been general-
ized to d nonorthogonal quantum states. If a qudit is randomly
prepared in one of the d nonorthogonal but linearly indepen-
dent quantum states, then from the ensemble {pi, |φi〉}di=1, an
upper bound on the success probability (Ps) of UQSD is given
by [6]
Ps ≤ 1− 1
d− 1
∑
i,j 6=i
√
pipj |〈φi|φj〉|. (2)
This has an operational meaning in the context of duality be-
tween the quantum coherence and the path distinguishability
[24].
UQSD with coherence.– Here we propose a strategy that
exploits quantum coherence as a resource for UQSD. Con-
sider a qudit that is randomly prepared in one of the
d nonorthogonal but linearly independent quantum states
|φi〉, i = 1, 2, ..., d, with probabilities pi. The sys-
tem is coupled to a (d + 1)-dimensional auxiliary sys-
tem A by a joint unitary transformation USA such that
USA |φi〉 |0〉A =
√
1− |αi|2 |ϕi〉 |i〉A + αi |ϕi〉 |0〉A , (3)
where α∗iαj〈ϕi|ϕj〉 = 〈φi|φj〉 for i 6= j and
{|0〉A , |1〉A , · · · , |d〉A} is an orthonormal basis of the auxil-
iary system. The existence of the joint unitary transformation
in Eq. (3) follows from the linear independence between the
quantum states |φi〉 (see Ref. [55]). Note that the inner prod-
uct between all quantum states before and after the joint uni-
tary transformation on the whole system is preserved, because
we have 〈Φi|Φj〉SA = α∗iαj〈ϕi|ϕj〉〈0|0〉A = 〈φi|φj〉〈0|0〉A,
where |Φi〉SA =
√
1− |αi|2 |ϕi〉 |i〉A + αi |ϕi〉 |0〉A. How-
ever, the range of the set {αi} is limited by the inner prod-
ucts between the given quantum states. After the joint unitary
transformation USA, the average quantum state is given as a
mixed state
ρ =
d∑
i=1
piρi =
d∑
i=1
pi |ϕi〉 〈ϕi| ⊗ ρAi ,
where ρi = USA(|φi〉 〈φi| ⊗ |0〉A 〈0|)U†SA and ρAi =
(1−|αi|2) |i〉A 〈i|+ |αi|2 |0〉A 〈0|+
√
1− |αi|2
(
αi |0〉A 〈i|+
α∗i |i〉A 〈0|
)
.Note that ρAi is pure for each i. If we perform the
local measurement M = {|j〉A 〈j|}dj=0 on the auxiliary sys-
tem, the success probability to discriminate the state is given
by
Ps = 1− tr(I⊗ |0〉A 〈0| ρ) =
d∑
i=1
pi(1− |αi|2), (4)
where I is the unit matrix for the system qudit. Also, since
ρAi are pure for all i, the quantum states after the transforma-
tion do not contain any quantum correlation such as entangle-
ment or quantum discord between the system qudit and the
3FIG. 1. (a) The UQSD strategy for orthogonal quantum states does
not require any coherence. (b) On the contrary, coherence is es-
sential for the UQSD strategy in the case of nonorthogonal quantum
states. The degree of nonorthogonality between the quantum states
is closely related to the degree of the generated coherence.
auxiliary. This process only generates and consumes quan-
tum coherence in and from the auxiliary system. Hence, we
compute the mean of coherence for the basis {|j〉A}di=0 of
the auxiliary system. For this, we employ the measure of
coherence defined by the Wigner-Yanase skew information
[see Eq. (1)] on the auxiliary system with the measurement
ΠA = {ΠAj = |j〉A 〈j|}, and define the mean of coherence as
Cmean :=
∑
i piCI(ρ
A
i |ΠA) =
∑d
i=1 pi
[∑d
j=0 I(ρ
A
i ,Π
A
j )
]
which reduces to
Cmean = 2
d∑
i=1
pi|αi|2
(
1− |αi|2
)
. (5)
This shows that the success probability is lower bounded by
the quantum coherence generated in the auxiliary system, i.e.,
we have
Ps ≥ 1
2
Cmean.
Note that although we have employed the coherence mea-
sure defined by the Wigner-Yanase skew information which
is a particular version of general quantum Fisher information
(QFI), we can quantify coherence with any version of QFI
since all versions of QFI yield the same value for pure states.
This opens up the avenue to quantify the generated coherence
via parameter estimation in quantum metrology [22, 34].
Another important observation here is that coherence is al-
ways generated except when the quantum states to be dis-
criminated are mutually orthogonal (see Fig. 1). This
means that this unitary transformation works to convert non-
orthogonality on the original system into coherence on the
auxiliary system, and coherence can be consumed for discrim-
ination of nonorthogonal states (see Ref. [56]).
First, from the point of view of each i, not the mean of
coherence, Eqs. (4) and (5) provide us with a heretical rela-
tionship between the probability of success 1 − |αi|2 and the
generated coherence |αi|2
(
1− |αi|2
)
for each i (see Fig. 2).
FIG. 2. (Color online) The solid red line is the graph of 1 − |αi|2
and the blue dashed line is the graph of |αi|2
(
1− |αi|2
)
.
Let us assume that the quantum states {|φi〉}di=1 that we
have prepared satisfy the condition |〈φi|φj〉| ≥ 1√2 for all
i 6= j, then we have |αi|2 ≥ 12 for all i, because |αi|2|αj |2 ≥|αi|2|αj |2|〈ϕi|ϕj〉|2 = |〈φi|φj〉|2 ≥ 12 . In this case, we see
from Fig. 2 that 1−|αi|2 decreases when |αi|2
(
1−|αi|2
)
de-
creases. This means that if the coherence of i-th quantum state
after the joint unitary transformation is decreased, the suc-
cess probability for result i is also decreased. Conversely, if
|〈φi|φj〉| is small enough for all i 6= j and |αi|2 is not greater
than 12 , then we can increase the probability of success for
the result i by adjusting the i-th coherence to be sufficiently
small, as seen in Fig. 2. However, this is only possible with
independent relationship for each result i, and it is difficult to
find a numerical relationship with the optimal UQSD average
above, except when d = 2. In what follows, we explain in de-
tail the case d = 2 and also compute the means of coherence
for the optimal UQSD in some particular situations.
Mean of coherence for some optimal unambiguous
discriminations.– Recall the UQSD protocol in Eq. (3) for
a qubit. Because it is always possible to make the two states
|ϕ1〉 , |ϕ2〉 in Eq. (3) the same for two nonorthogonal quan-
tum states, we have α∗1α2 = 〈φ1|φ2〉 ≡ γ (see Appendix for
a description of the joint unitary transformation to discrimi-
nate the two quantum states). Then the Ps(|α1|2, |α2|2) of
Eq. (4) is a function of hyperplane (defined above the do-
main of definition) that satisfies |α1|2|α2|2 = |γ|2. Using this
relation, we have Ps|x=|α1|2 = p1(1 − x) + p2
(
1 − |γ|2x
)
.
For the optimal success probability, we require P ′s|x=|α1|2 =
−p1 + p2 |γ|
2
x2 = 0, where P
′
s is the derivative of Ps with re-
spect to x. Similarly, P ′s|x=|α2|2 = p1 |γ|
2
x2 − p2 = 0. Each
of these two equations yields p1|α1|2 = p2|α2|2. That is, if
|γ| =
√
p1
p2
|α1|2 =
√
p2
p1
|α2|2, one can distinguish between
the two states with the optimal success probability given by
P opts = 1 − 2p1|α1|2 = 1 − 2
√
p1p2|γ|. Since we have
p1p2|γ|2 = p21|α1|4 = p22|α2|4, the mean of coherence in Eq.
(5) for the optimal UQSD is Cmean = 2|γ|(2√p1p2 − |γ|).
4FIG. 3. (Color online) Plots of Ps|x=|α1|2 (dashed blue) and
Cmean|x=|α1|2 (solid red), when p1 = p2 = 12 , against x for dif-
ferent values of |γ|.
Next, like Ps above, we can rewrite Cmean as
Cmean|x=|α1|2 = 2
[
p1x(1− x) + p2 |γ|
2
x
(
1− |γ|
2
x
)]
.
Differentiating it with respect to x = |α1|2, and using the
relation |γ| =
√
p1
p2
x, we get, respectively,
C ′mean|x=|α1|2 = 2
(
p1 − 2p1x− p2 |γ|
2
x2
+ 2p2
|γ|4
x3
)
, (6)
and(
C ′mean|x=|α1|2
)∣∣∣
|γ|=
√
p1
p2
x
= 4
√
p1
p2
|γ|(p1 − p2). (7)
From this we can say that smaller the difference between prob-
abilities p1 and p2, larger is the success probability. Also, the
extremal value of Cmean is approached. However, this cannot
be guaranteed if the difference between p1 and p2 increases.
The same conclusion draws for |α2|2.
Furthermore, for an equal a priori probability distribution
p1 = p2 =
1
2 , |γ| =
√
p1
p2
x = x and Eq. (6) gets factored as
follows:
C ′mean|x=|α1|2 = 1− 2x−
|γ|2
x2
+ 2
|γ|4
x3
= − 1
x3
(x− |γ|)(x+ |γ|)(2x2 − x+ 2|γ|2)
= 0.
Differentiating Eq. (6) with respect to x = |α1|2 again,
C ′′mean|x=|α1|2 = −2 + 2
|γ|2
x3
− 6 |γ|
4
x4
,
we have(
C ′′mean|x=|α1|2
)∣∣∣
|γ|=x
{ ≤ 0 when |γ| ≥ 14 ,
> 0 when |γ| < 14 .
From this follows an interesting fact that there is only one
extreme point at |γ| = |α1|2 except when |γ| < 14 . And,
when |γ| ≥ 14 , we can implement the optimal UQSD strategy
by adjusting the mean of coherence to the maximum value in
a defined interval |γ|2 ≤ |α2|2 ≤ 1, because the maximum
success probability and the maximum mean of coherence are
obtained from the same point |α1|2 = |α2|2 = γ (see Fig.
3). Hence, the mean of coherence in Eq. (5) for the optimal
UQSD is
Cmean = 2|γ|
(
1− |γ|), (8)
because it has the highest probability of success at |γ| =
|α1|2 = |α2|2. Conversely, when |γ| < 14 , we can imple-
ment the optimal discrimination by adjusting the mean of co-
herence to the local minimum value. Note that Eq. (8) is the
expression of mean coherence for the optimal UQSD proto-
col. So, if we consider a discrimination protocol for which
the mean coherence equals the value in Eq. (8), this means
that the optimal UQSD has been accomplished.
Also, we consider a situation in which Alice transmits a
given quantum states to Bob for communication. If we re-
call that our aim is to find the best strategy for communicating
between Alice and Bob for the given resource, then we can
say that it is possible to find the optimal UQSD by Bob with-
out feedback from Alice, because Bob can measure coherence
himself. Alternatively, we consider a situation where Bob re-
ceives feedback from Alice. Also, let us assume that Bob al-
ready knows a priori probabilities p1, p2 (even if p1 6= p2)
of quantum states. In this case, the problem becomes sim-
pler. After the unitary transformation and getting feedback
from Alice, Bob can measure the coherence for each result
i and compare it to 2
√
p2
p1
|γ|(1 −
√
p2
p1
|γ|) for i = 1 and
2
√
p1
p2
|γ|(1 −
√
p1
p2
|γ|) for i = 2 to determine the optimal-
ity of UQSD. If the measured values of coherence equal the
values above, Bob can implement the optimal strategy to dis-
criminate the given quantum states.
The above discussion can also be extended to a qudit system
described in Eq. (3). As in Eq. (2), with γij = 〈φi|φj〉, the
upper bound for the success probability of the UQSD is given
by Ps ≤ 1 − 1d−1
∑
i,j 6=i
√
pipj |γij |. This inequality can be
saturated provided p1|α1|2 = p2|α2|2 = · · · = pd|αd|2, be-
cause
Ps = 1−
∑
i
pi|αi|2 = 1−
∑
i
[ 1
d− 1
∑
j 6=i
pi
√
pj
pi
|γij |
]
= 1− 1
d− 1
∑
i,j 6=i
√
pipj |γij |
using |αi|2 =
√
pj
pi
|γij | for all i 6= j. Then, for any
i ∈ {1, 2, ..., d}, say i = 1, we have d p1|α1|2 =
51
d−1
∑
i,j 6=i
√
pipj |γij | ≡ B. Therefore, the mean of coher-
ence is
Cmean = 2B
(
1− B
d2
∑
i
1
pi
)
. (9)
However, since this upper bound of success probability is
not always achievable, it cannot in general be regarded as an
optimal success probability. Likewise, we cannot be certain
that the mean of coherence in Eq. (9) is for an optimal dis-
crimination. It is only possible to estimate how similar or
close our UQSD is to the optimal UQSD by comparing the
computed mean value with that in Eq. (9). However, when the
quantum states {|φi〉} satisfy the following two conditions,
we can obtain the optimal result.
Condition 1. |γij ||γik||γjk| =
|γil||γim|
|γlm| for unequal i, j, k, l,m.
This makes it possible for all |ϕi〉 to be equal in Eq. (3), i.e.,
USA |φi〉 |0〉A =
√
1− |αi|2 |ϕ〉 |i〉A + αi |ϕ〉 |0〉A , where
α∗iαj = 〈φi|φj〉. Then |γ1j ||γ1k||γjk| = |α1|2 for any j 6= k.
Condition 2. pi|γki|2 = pj |γkj |2 for unequal i, j, k. This
allows us to design a strategy which satisfies p1|α1|2 =
p2|α2|2 = · · · = pd|αd|2.
Therefore, when the above two conditions are satisfied, we
will be able to verify that the UQSD performed is optimal by
comparing the mean value of the measured coherence with
the Eq. (9).
Next, we consider the mean of coherence in another strate-
gies introduced by Roa et al. [16] and Li et al. [17], which
has been interpreted from the perspective of quantum corre-
lations but has not been considered with respect to quantum
coherence. It only requires an auxiliary qubit to perform the
optimal state discrimination. That is, the system is coupled to
an auxiliary system A by a joint unitary transformation VSA
such that (see Ref. [17])
VSA |φi〉 |0〉A =
√
1− |αi|2 |i〉 |1〉A + αi
(∑
i |i〉√
d
)
|0〉A ,
where α∗iαj = 〈φi|φj〉 and {|1〉 , |2〉 , · · · , |d〉} is an orthog-
onal basis of the principal system. For the UQSD, we per-
form the measurement M = {|i〉〈i| ⊗ |1〉A 〈1| , I ⊗ |0〉A 〈0|}
and compute the mean of coherence defined on the basis
{|j〉〈j| ⊗ |0〉A 〈0| , |j〉〈j| ⊗ |1〉A 〈1|}di=1 of the whole system.
Then, the success probability is given by Eq. (4) and the mean
of coherence is
Cmean =
∑
i
pi
∑
j,k
I(ρi, |j〉〈j| ⊗ |k〉A 〈k|)
=
∑
i
pi|αi|2
(
2− d+ 1
d
|αi|2
)
, (10)
where ρ =
∑d
i=1 piρi =
∑d
i=1 piVSA(|φi〉〈φi| ⊗
|0〉A 〈0|)V †SA.
As discussed in Ref. [17], if we prepare a qudit in one of
the d nonorthogonal states {|φi〉}di=1 with an equal a priori
probability pi = 1d for all i and nonzero |α|2 = 〈φi|φj〉 for all
i 6= j, then the optimal success probability is P opts = 1−|α|2.
Also, because |αi| = |α| for all i, the mean of coherence is
Cmean = |α|2
(
2− d+ 1
d
|α|2). (11)
In other cases, when |α|2 = 〈φ1|φi〉 6= 0 for all i 6= 1, the
optimal success probability can be expressed as [17]
P opts =
{
1− 2
√
d−1
d |α|2 when 0 ≤ |α| ≤ 14√d−1 ,
d−1
d (1− |α|4) when 14√d−1 ≤ |α| ≤ 1.
Since these probabilities are obtained from
(a)
{ |α1| = 4√d− 1|α|
|αi| = 14√d−1 |α| (i 6= 1)
, when 0 ≤ |α| ≤ 1
4
√
d− 1
and
(b)
{ |α1| = 1
|αi| = |α|2 (i 6= 1) , when
1
4
√
d− 1 ≤ |α| ≤ 1,
the mean of coherence in Eq. (10) for the optimal UQSD
reduces to
Cmean =
|α|2
d
(
4
√
d− 1− (d+ 1)|α|2
)
(12)
when 0 ≤ |α| ≤ 14√d−1 , and
Cmean =
1
d
(
2 + (d− 1)|α|4)− d+ 1
d2
(
1 + (d− 1)|α|8)
(13)
when 14√d−1 ≤ |α| ≤ 1. It is crucial that we know the mean of
coherence for the optimal UQSD in each case. This is because
we can determine whether the strategy we want to execute
is optimal or not by calculating the mean of coherence and
comparing it with the given value, one of the Eqs. (11), (12)
and (13), respectively.
Conclusion.– Identifying resources for quantum state dis-
crimination is of fundamental importance. Use of quantum
correlations as a resource for the same has been studied ex-
tensively. In this Letter, we have investigated the role of quan-
tum coherence in unambiguously discriminating nonorthogo-
nal but linearly independent pure quantum states, assisted by
an auxiliary system. We then provide a relationship between
the success probability of the discriminating strategy and the
mean coherence generated on the auxiliary system using the
concept of Wigner-Yanase skew information. The degree of
the generated coherence depends on the nonorthogonalities
between the input quantum states. We can effectively use the
mean of coherence to improve the efficiency of the strategy
for each individual result of the performed measurement. Fi-
nally, we compute the coherence that is generated when an
optimal unambiguous discrimination strategy is implemented
in some special situations. In these cases, we can use the mean
of coherence to determine whether the discrimination strategy
is optimal or not. In particular, for unambiguous discrimina-
tion between two pure states, we show that the receiver can
6obtain the optimal strategy by controlling the mean coherence
to the maximum or minimum value without feedback from the
sender. Our result will open up new investigations in the use
of coherence in quantum state discrimination.
Acknowledgments.–This project is supported by the Na-
tional Natural Science Foundation of China (Grants No.
11571307 and No. 61877054). The research of SD is sup-
ported in part by the INFOSYS scholarship for senior stu-
dents.
Appendix: description of joint unitary transformation
We describe a joint unitary transformation of Eq. (3) in the
strategy that discriminates between two quantum states |φi〉,
for i = 1, 2 (Here we do not focus on the probability pi of
quantum states, but only on the design of unitary transfor-
mations). Obviously, the unitary transformations we describe
will depend on the inner product 〈φ1|φ2〉 = γ between the
two quantum states and the two quantum states.
(1) The joint unitary transformation will result in the fol-
lowing :
Uγ,α |φ1〉 |0〉A =
√
1− |α|2 |ϕ〉 |1〉A + α |ϕ〉 |0〉A ,
Uγ,α |φ2〉 |0〉A =
√
1− |γ|
2
|α|2 |ϕ〉 |2〉A +
γ
α∗
|ϕ〉 |0〉A ,
where |ϕ〉 is an arbitrary selected vector in the original system
(because this joint unitary transformation depends on γ and α,
we mark the transformation as Uγ,α, and γ is fixed and α is a
variable).
(2) All unitary transformations can be described through
the conversion from orthonormal basis to orthonormal basis,
so we first find one orthonormal basis on the whole system.
If |φ+1 〉 is a vector that satisfies 〈φ1|φ+1 〉 = 0, {|φ1〉 , |φ+1 〉}
is a orthonormal basis of the original system. In addition,
{|φ1〉 |i〉A , |φ+1 〉 |i〉A}i becomes an orthonormal basis of the
whole system since {|i〉A} is an orthonormal basis of the aux-
iliary system.
(3) Then, |φ2〉 can be rewritten as |φ2〉 = γ |φ1〉 +√
1− |γ|2 |φ+1 〉. Therefore,
Uγ,α |φ+1 〉 |0〉A =
Uγ,α(|φ2〉 − γ |φ1〉) |0〉A√
1− |γ|2
= |ϕ〉
{ γ(1− |α|2)
α∗
√
1− |γ|2 |0〉A −
γ
√
1− |α|2√
1− |γ|2 |1〉A
+
√|α|2 − |γ|2
|α|√1− |γ|2 |2〉A
}
When
√
1− |α|2 |1〉A + α |0〉A = |υα,1〉A and
γ(1−|α|2)
α∗
√
1−|γ|2 |0〉A −
γ
√
1−|α|2√
1−|γ|2 |1〉A +
√
|α|2−|γ|2
|α|
√
1−|γ|2 |2〉A =
|υα,2〉A, we can clearly confirm that 〈υα,1|υα,2〉A = 0.
(4) This allows us to find the following unitary transforma-
tions that serve our purpose:
First, where |υα,3〉A is a randomly selected unit of orthog-
onal vector, {|υα,i〉A}i, i = 1, 2, 3, is the orthonormal basis
of the auxiliary system. Also, if Uγ,α is a joint unitary trans-
formation from orthonormal basis {|φ1〉 |i〉A , |φ+1 〉 |i〉A}i to
other orthonormal basis {|ϕ〉 |υα,i〉A , |ϕ+〉 |υα,i〉A}i, where|ϕ+〉 is a unit vector that satisfies 〈ϕ|ϕ+〉 = 0, we can get a
result of (1) from a given quantum state through this unitary
transformation.
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